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Recent observations of gravitational waves motivate investigations for the existence of Primordial
Black Holes (PBHs). We propose the observation of gravitational microlensing of distant quasars for
the range of infrared to the submillimeter wavelengths by sub-lunar PBHs as lenses. The advantage
of observations in the longer wavelengths, comparable to the Schwarzschild radius of the lens (i.e.
Rsch ' λ) is the detection of the wave optics features of the gravitational microlensing. The
observation of diffraction pattern in the microlensing light curve of a quasar can break the degeneracy
between the lens parameters and determine directly the lens mass as well as the distance of the lens
from the observer. We estimate the wave optics optical-depth, also calculate the rate of ∼ 0.1 to
∼ 0.3 event per year per a quasar, assuming that hundred percent of dark matter is made of sub-
lunar PBHs. Also, we propose a long-term survey of quasars with the cadence of almost one hour
to few days to resolve the wave optics features of the light curves to discover PBHs and determine
the fraction of dark matter made of sub-lunar PBHs as well as their mass function.
I. INTRODUCTION
Observations of type Ia supernova [1–4], cosmic mi-
crowave background (CMB) radiation [5, 6] and baryon
acoustic oscillation (BAO) [7, 8] indicate that around
25% of matter content of the universe is made of dark
matter (DM). There are many scenarios to explain the
nature of DM and one of the models proposes DM might
be composed totally or partially by the primordial black
holes (PBHs) [9–11].
There are several mechanisms to explain the forma-
tion of PBHs including sharp peaks in density fluctua-
tions [12], phase transitions [13], resonant reheating [14],
tachyonic preheating [15] and curvaton scenarios [16–18].
PBHs smaller than about 1012kg should have already
evaporated through the Hawking radiation [19, 20]. How-
ever, the massive PBHs, are unaffected by the Hawking
radiation might have various cosmological consequences,
such as seeds for supermassive black holes [21], genera-
tion of the large-scale structures [22] and affects on the
thermal and ionization history of the universe [23].
The observations for searching the Massive Astrophys-
ical Compact Halo Objects (MACHOs) by gravitational
microlensing and femtolensing of γ-ray bursts excluded
PBHs in the mass range of ∼ 10−7M -1M and 1014-
1017kg [24, 25]. However, assuming an extended mass
function for the compact objects, it seems that various
observational data along with the dynamical constraints
are consistent with PBHs as the dark matter candidate
within the mass range of 10M < M < 103M and/or
1017 kg < M < 1021 kg [26, 27]. The later range for the
PBHs is convenient to be written in terms of lunar mass,
roughly as 10−6 < M¯ < 10−2 (assuming the lunar mass
of Mm ∼ 7× 1023 kg) where M¯ = M/Mm.
Gravitational lensing provides an exceptional tool for
investigating the astrophysical phenomena including in-
direct detection of the compact objects [28]. The light
deflection in gravitational lensing depends on the config-
uration of the lens mass distribution and might produce
several images. The term of gravitational microlensing is
used when the images from the lensing cannot be resolved
by the conventional telescopes. In this case, the result of
lensing is the magnification of light receiving from the
source star. Taking into account the relative motion of
the lens, source and the observer results in a bell shape
light curve, so-called Paczynski light curve [29]. In recent
years, microlensing has been used for discovering extra-
solar planets [30–34], investigating the properties of a
distant source stars [35–39] and studying the structure
of the Milky Way galaxy [40]. Moreover, in the cosmo-
logical scales, the gravitational microlensing provides a
useful method for studying compact objects.
The quasar microlensing in the cosmological scales
uses the caustic crossing of an ensemble of lenses [41]
for studying the distribution of stars and micro-halos
around the galaxies [42, 43]. The possibility of detec-
tion of PBHs have been studied through observation of
Quasars in X-ray [44] and they found no-candidate in
the mass range of 0.05M < M < 0.45M. Also, some
microlensing observation of Quasars has been done in
the survey mode where the aim was the detection of the
caustic crossing of the lenses in the halo of the strong
lensed galaxies [45, 46]. All these observations have been
done in the optical and shorter wavelengths. Here, we
propose extending observations to the infrared and mil-
limeter wavelengths where effects of wave optics is im-
portant in the light curve of sub-lunar mass lenses. The
advantage of wave optics is that we can obtain more infor-
mation about the parameters of lenses compared to the
geometric microlensing. From the observational point
of view, Spitzer space-based telescope and the Atacama
Large Millimeter/Submillimeter Array (ALMA) are ideal
tools for studying the light curve of quasars in our desired
wavelengths [47–49] .
In section (II) we introduce the gravitational mi-
crolensing in the geometric optics regime. In section (III),
we introduce the wave optics feature of gravitational mi-
crolensing and calculate the diffraction pattern from the
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2scattering of the electromagnetic wave from a PBH on
the observer plane. In section (IV), we study the obser-
vational features of the diffraction of light from a PBH
as a lens as well as we calculate the optical depth for the
observation of this event. Conclusions are given in (V).
II. GEOMETRIC MICROLENSING
The standard gravitational lensing formalism uses the
geometric optics for the limit of λ Rsch, where λ is the
wavelength of the light and Rsch is the Schwarzschild ra-
dius of the lens. However, when λ ≈ Rsch, the wave optics
features of lensing such as interference of the light from
different images produces the interference pattern on the
observer plane. The relative motion of the observer with
respect to the fringes results in a time variation in the in-
tensity of light where the time-scale and the amplitude of
these fringes provide more information compared to that
of geometric optics. The diffractive gravitational lensing
has been studied for a system with a galaxy as a lens
and a point radio source [50]. Following this work, the
caustic-crossing of quasars in the wave optics regime has
been investigated, where they put a limit on the size of
quasars [51]. The wave optics aspect of microlensing with
a sub-stellar mass lens, like a free-floating planet in the
galaxy, have been studied in a series of papers [52–54].
Also, Mehrabi and Rahvar [55] investigated the wave op-
tics features for a binary lensing system near the caustic
lines.
The gravity of a lens deflects light ray from a distant
source and this deflection produces multiple images from
a single source. It is more convenient to write the lens
equation in terms of angular scales [56]:
β = θ −α(θ) , (1)
where β and θ are the source and the image positions
and α(θ) is the deflection angle. Notice that all angles
are normalized to the Einstein-angle
θE =
√
2Rsch
Ds
1− x
x
, (2)
where x = Dl/Ds is the ratio of the comoving distance
of the lens to the comoving distance of the source and
D(z) in ΛCDM model is given by
D(z) =
c
H0
∫ z
0
dz√
Ωm(1 + z)3 + ΩΛ
. (3)
In the geometric optics limit, after solving equation (1),
one can find the corresponding map between the source
position to the image positions. The Jacobian of trans-
formation in the equation of θ = θ(β), provides the ratio
of areas in the image space to the source space which is
equivalent to the magnification in the gravitational mi-
crolensing.
In what follows, we concern the wave optics regime of
the gravitational microlensing by considering the inter-
ferometry of the light rays. It is convenient to use the
Fermat potential for the light ray which is proportional to
the time delay between a given trajectory and a straight
path. The Fermat potential for a generic lens is given by
φ(θ,β) =
1
2
(θ − β)2 − ψ(θ) , (4)
where ψ(θ) is the gravitational potential in 2D and is
defined on the lens plane as
ψ(θ) =
1
pi
∫
Σ(θ′)
Σcr
ln |θ − θ′|d2θ′, (5)
and Σ(θ) is the surface mass density of the lens and the
critical mass density is given by
Σcr =
c2
4piGDl(1− x) .
The lens equation gives rise from the Fermat principle,
∇θφ(θ,β) = 0, and in terms of the Fermat potential,
the deflection angle in equation (1) is given by α(θ) =
∇ψ(θ).
III. DIFFRACTIVE MICROLENSING
In wave optics limit where the time delay between tra-
jectories from a source to observer is less than a period of
light, the light rays can be considered temporally coher-
ent and the result is the production of the interference
pattern on the observer plane. Under condition where the
source and deflector are far from the observer, we can use
the Huygens-Fresnel principle for analyzing gravitational
lensing. Then, every point on the lens plane can be taken
as a secondary source and the amplitude of the electro-
magnetic wave at each point on the observer plane is the
superposition of the light from various sources on the lens
plane. This analysis can be done for a point source, how-
ever, for an extended realistic source the amplification
is calculated by the superposition of the infinitesimal in-
coherent sources. Finally, multiplying the superposition
of the electromagnetic wave by its complex conjugate re-
sults in the magnification on the observer plane. The
magnification for a point source [57] is given by
µ(β; k) =
f2
4pi2
|
∫
eifφ(θ,β)d2θ|2, (6)
where f = 2kRsch and k is the wave-number. φ(θ,β) is
the Fermat potential for a single lens and is given by:
φ(θ,β) =
1
2
(θ − β)2 − ln |θ|. (7)
Substituting equation (7) in equation (6), the magni-
fication is given as follows
µ(β; f) =
pi f2
sinh(pi f2 )
epi
f
2 |1F1(1− if
2
, 1, i
fβ2
2
)|2, (8)
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FIG. 1. Magnification of a point source for varies values of f .
The solid red, dot-dashed blue and dashed green lines repre-
sent the magnification for f = 5, 10 and f = 15, respectively.
where 1F1(a, b, x) is the confluent hypergeometric func-
tion [57]. Fig. (1) presents the magnification in terms of
β for different values of f . The diffraction pattern is ob-
servable when λ ≈ Rsch (i.e. f ' O(1)). By increasing f
(smaller wavelength or massive lens), the fringes shrink
and the diffraction pattern converge to the geometric op-
tics magnification.
To simplify equation (8), we expand the Fermat poten-
tial in equation (7) around the critical point of (θ = 1,
β = 0) where according to Fig. (1), the light curve has
peak around it, as follows:
φ(θ,β) = θ2 − 2θ − θβ cos γ, (9)
where polar coordinate (θ, γ) is used on the lens plane.
Then, from equation (6) the magnification simplifies to
µ(β; k) = pifJ20 (fβ), (10)
where J0 is the Bessel function of the first kind. We note
that the relative difference of magnification from Eq. (10)
compare to the exact equation is less than 1% for sources
with β < 0.5 and this difference decreases rapidly when
the source moves toward the lens position (i.e. β → 0).
In practice, it is possible to observe the light curve in
two different wavelengths say λ1 and λ2. In this case,
the relative magnification is given by
µ1
µ2
=
λ2
λ1
J20 (f1β)
J20 (f2β)
, (11)
where close to the maximum magnification, using the
series of J0(x) ≈ 1− x24 + x
4
64 , equation (11) simplifies as
µ1
µ2
=
λ2
λ1
1− 12 (f1β)2 + 332 (f1β)4
1− 12 (λ2λ1 )2(f1β)2 + 332 (λ2λ1 )4(f1β)4
. (12)
In this case the right-hand side of this equation is a func-
tion of f1β(t) where from the measurement of µ1 and
µ2 as a function of time, we can extract f1β(t). This
parameter depends on the lensing parameters as follows:
f1β(t) = f1
(
u20 + (
t
tE
)2
) 1
2
, (13)
where u0 is the minimum impact parameter and tE is
the Einstein-crossing time. From the observation of a
microlensing event in the regime of geometric optics (i.e.
λ  Rsch), we can extract u0 and tE . On the other
hand, knowing the left-hand side of equation (13) from
the wave optics and right-hand side from the geometric
optics at t = 0, we determine directly f1 or mass of the
lens. We note that unlike to the geometric optics, the
mass of lens determine from this method is independent
of the distance of lens and source as well as their relative
velocities with respect to the observer.
In reality, quasars as the source in the lensing have
finite sizes and this effect should be taken into account
in the wave-optics calculation. For a given source, the
total magnification is calculated by integrating over all
individual elements on a source where these elements are
independent and incoherent. Then the magnification of
an extended source [55] is given as
µ(β, ρ; k) =
∫
s<ρ
Iw(β)µ(β; k)d
2s
Iw(β)d2s
, (14)
where Iw(β) is the surface brightness of the source (that
might depends on the wavelength) and ρ = θs/θE is the
angular size of source normalized to the Einstein angle.
Here the integration in equation (14) is taken over the
source area (i.e. s < ρ).
In Fig. (2), we depict the magnification in terms of β
for three sources with different sizes in the wave-optics
regime. For the small sources, the magnification re-
sembles a point source in the wave-optics regime and
by increasing the source size, the fringes are smeared
out and the magnification looks like the geometric op-
tics. The distance between the fringes for a point-lens
is ∆β = 2pi/f [57] and for a typical extended source
with ρ > ∆β, fringes smear out due to integration over
a highly oscillating function. Hence, the fringes are ob-
servable only for the extended source that satisfies the
condition of ρ < ∆β. Summarizing this part, in the
wave optics regime fringes for an extended source can be
produced under the following condition of
θs <
1
2
λ
Rsch
θE , (15)
where taking into account the redshift of deflector at zd,
this condition can be written as
θE > 2θs (1 + zd)Rsch/λobs, (16)
where λobs is the wavelength of observation. Also, since
θE ∝
√
M and Rsch ∝ M , the detection of fringes is in
favour of small mass PBHs.
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FIG. 2. Magnification of a uniform luminous source as a
function of β for f = 10. The solid red, dot-dashed blue
and dashed green lines show the magnification for ρ = 0.01,
ρ = 0.08 and ρ = 0.15, respectively. By increasing the size of
source, the incoherent light of the source results in magnifi-
cation pattern converge to the geometric optics limit profile.
Now, let us assume the lens mass to be in the range
of 10−6 . M¯ . 10−2. Then we rewrite the wave optics
parameter of microlensing f , as follows
f = 4pi(1 + zd)
Rsch
λobs
= 4pi(1 + zd)(
λobs
0.1mm
)−1M¯. (17)
In the case of strong lensing of a quasar by a galaxy, it
is more likely that PBH resides in the halo of the lensed
galaxy, which allows us to measure the redshift of lens
and from equation (17) directly obtain the mass of PBH.
We note that we had also another method of mass mea-
surement from equation (12), if we use at least two dif-
ferent wavelengths for the observation.
There are other observables in the geometric optics
that can be used for breaking the degeneracy between
the lens parameters. Let us take the finite size effect in
the geometric optics which smoothes the peak of a light
curve [58–60]. Knowing the physical size of a quasar as
a source from the astrophysical informations, from the
finite-size effect, we can extract the projected Einstein
radius on the source plane (i.e. R
(s)
E = θEDs) as
R
(s)
E = 1.65A.U.(
Ds
6Gpc
)1/2(
1− x
x
)1/2M¯1/2, (18)
where in this case we assume a source at redshift z ≈ 3.
We can combine equation (18) with the parameter f =
2kRsch from the wave optics observations to obtain the
distance of the lens as well as its mass.
IV. OBSERVATIONAL PROSPECT AND
OPTICAL DEPTH
From observational point of view, the cadence between
the data points in the light curve of a quasar should
be small enough to measure the oscillations due to the
diffraction pattern in the light curve. In order to estimate
the time scale between the fringes, we use ∆β where in
terms of f in equation (17) is given by
∆β =
2pi
f
=
1
2
λobs
0.1mm
1
1 + zd
1
M¯
. (19)
By multiplying ∆β to the Einstein crossing time of lens,
tE , the time-scale for the transit of fringes can be ob-
tained. The Einstein crossing time for typical parameters
of a lens with lunar mass at the cosmological distances is
tE = 5.7d (
Ds
6Gpc
)1/2(
1− x
x
)1/2M¯1/2(
500
vt
), (20)
where vt is the relative transverse velocity of the lens-
source-observer, which is ∼ 1000 km/s for a rich cluster
and ∼ 200 km/s in the galactic scales. Hence, the time-
scale for transit of fringes (i.e. ∆t = tE∆β) is given by
∆t = 2.9d (
λobs
0.1mm
)
1
1 + zd
(
Ds
6Gpc
)1/2(
1− x
x
)1/2(
500
vt
)M¯−1/2.
(21)
For a lunar mass PBH located at the distance zd ∼ 1
and wavelength of λobs = 100µm, we have ∆β ∼ 10−1
and the time scale of fringe-transit is of the order of ∼ 1.5
days. According to (21), the transit time is proportional
to the λ and decreases for shorter wavelengths. For PBHs
in the mass range of 10−6 < M¯ < 10−2 the time scale of
fringe-transit is within the range of 15d < ∆t < 4yr.
One of the important technical issues in the observa-
tions of quasars is the filtering of intrinsic variabilities
compare to the diffraction signals. For a quasar with
the variability time scale shorter or in the same order of
fringe transit time-scale, it is difficult to filter out the
background signals. Some of the quasars with very rapid
variabilities have been detected in the timescales shorter
than hours to minutes, so-called micro-variability [61].
One solution is to survey those quasars with the low vari-
abilities. The other possibility is to study the quasars in
the strong lensing systems and remove any intrinsic vari-
ations in the light curve by shifting the light curves ac-
cording to the time delay between the images [41]. This
method in recent years is used for detecting microlensing
signals in the geometric optics regime [46, 62, 63].
In order to estimate the number of detectable events,
we calculate the microlensing optical depth for detection
of PBH. The optical depth [28, 42] is defined by
τ =
∫
piR2En(M, z)c
dt
dz
dz, (22)
where n(M, z) is the number density of PBHs and it fol-
lows the spatial clustering of the cold dark matter. For
the lower redshifts, the optical depth is a function of the
direction of line of sight, depending on the cosmic density
perturbations that cross the line of sight. However, for
quasars at the higher redshifts, we can take almost a uni-
form number density of PBHs that is proportional to the
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FIG. 3. The wave optics optical depth as a function of PBH
mass for sources with the size of 50 AU (solid blue line),
100AU (dashed red line) and 150AU (dot-dashed green line).
Here we consider concordance ΛCDM with Ωm = 0.3, h = 0.7
and use λobs = 100µm. While for a lunar mass PBH the opti-
cal depth is negligible, for the smaller PBH the optical depth
is larger. In addition, the optical depth increases by decreas-
ing the size of source.
dark matter density of the universe. This assumption has
been carefully investigated in [64], where by considering
6 different models for halos and sub-halos, for quasars
at higher redshifts (i.e. z > 0.25) the optical depth from
the clustered and uniform distribution of lenses converge.
Here, we assume a uniform distribution for the density
of PBHs in the optical depth calculation.
For a uniform distribution of PBH, we define a new
optical depth, so-called the wave optics optical depth by
τw where in ΛCDM, it is given by
τw =
3
2
DH
Ds
Ωpbh
∫ zmax
0
(1 + z)2(Ds −Dl)Dldz√
Ωm(1 + z)3 + ΩΛ
, (23)
where Ωpbh is the density parameter of PBHs and DH is
the present horizon size of universe. The difference be-
tween this definition with the conventional optical depth
is that in this equation, zmax is not assigned to the po-
sition of the quasar while that is the largest distance for
a lens that satisfies the detection of the wave optics con-
dition (ρ < ∆y). Moreover, in the geometric optics τ is
independent of the mass function of the lenses and it de-
pends on the overall mass density of the lenses. However,
for the wave optics regime, the optical depth depends on
the mass of lens as well as zmax. In Fig.(3) we plot the
optical depth in unite of Ωpbh for three different values
of the source sizes. In this plot, we consider the concor-
dance cosmology model of Ωm = 0.3 , h = 0.7 and put
the source at the redshift z = 3. As it is expected, the
small mass PBH and small size sources are in favor of
wave optics microlensing detection.
For a lunar mass PBH, the optical depth is very small,
however it grows rapidly by decreasing the mass of lenses.
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FIG. 4. The number of expected events per year as a func-
tion of PBH mass. Here the wave length of the observation is
adapted λobs = 100µm and the rate is plotted for three differ-
ent size of sources as 50 AU (solid blue line), 100AU (dashed
red line) and 150AU (dot-dashed green line). We note that
τw is larger for the smaller PBHs as zmax is getting larger
and the optical depth is larger for the smaller mass from Fig.
(3). On the other hand ∆t also is getting larger to the smaller
PBHs. So the ratio of these two terms in (24) is a function
of mass and has a peak for the rate of number of events as
depicted in this figure.
For the case of M¯  1, from equation (21) and equation
(20), tE  ∆t and we take ∆t as the corresponding time-
scale for the microlensing events in the wave optics regime
instead of tE . Now we define the rate of events in the
regime of wave optics microlensing as
Γw =
2
pi
τw
∆t
, (24)
where both τw and ∆t depend on the mass of PBH.
Assuming Dirac-Delta function for the mass function of
PBHs, in Fig. (4) the rate of events per year is depicted
as a function of M¯ . In equation (24), the optical depth
increases for the smaller masses. On the other hand ∆t
also increase for the smaller masses with the factor of
M¯−1/2, so the ratio of these two terms in (24) results
in a peak as depicted in Fig. (4). For a given quasar,
the number of detectable events is Nobs = ΓTobs, where
Tobs is the duration of observation. Let us take a quasar
with the size of 50 AU, then from Fig. (4), we expect
to detect Nobs ' 0.9Ωpbh/yr for PBHs with M¯ ∼ 10−3
and Nobs = 0.3Ωpbh/yr for the sources with the radius
rs = 100AU . Now if hundred percent of the dark matter
is made of PBHs (i.e. Ωpbh = 0.3), all with the mass
of M¯ ∼ 10−3, we expect to detect 0.27 and 0.09 event
per year, respectively. Also for this mass, equation (21)
provides ∆t ' 46 d and a cadence in the observation of
light curve with one day can reveal the oscillation mode
of diffraction pattern.
Let us define the contribution of PBH on the density
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FIG. 5. Simulated data points and the best fit model for a
typical event. Here we use tE = 10 hr, ρ = 0.1, u0 = 0.05,
M¯ = 7× 10−3 and λ = 2µm to simulate data points.
Parameter 68% limits
tE 10.035± 0.036
u0 0.0557± 0.0033
ρ 0.09995± 0.00070
M¯ 0.007027± 0.000025
TABLE I. The best fit parameters with 1-σ confidence level
recovered from the fitting to the light curve in Fig. (5), using
the Markov chain Monte Carlo method.
of dark matter as fpbh = Ωpbh/Ωm. Then we also de-
fine the parameter of dfpbh/dM¯ which provide the frac-
tion of dark matter in form of PBHs within the range of
(M¯, M¯+dM¯). This function can be measured by a long-
term survey of quasars with cadence of order of ∼ days.
Fig.(5) demonstrates the simulation of data points for a
microlensing event with the parameters of tE = 10 hr,
ρ = 0.1, u0 = 0.05 and M¯ = 0.007. Here we adapt the
wavelength of λ = 2µm which results in the transit time
scale of fringes of order of a few hours. We assumed a
photometric signal to noise ratio of S/N = 50 and re-
cover the parameters of light curve, using the Markov
chain Monte Carlo method. The best values of parame-
ters with 1-σ uncertainty for the light curve in Fig. (5)
are given in Tab.(I). The maximum magnification for this
light curve is around ∼ 17 and increases rapidly by de-
creasing u0 and ρ. We note that the ratio of light in
the anti-nodes to the nodes (where Anode → 0) of the
interference pattern in Fig. (5) is a large number, much
larger than the intrinsic variations of a quasar which is
about ∼ 50% [65]. So, once we have enough photometric
accuracy and the cadence shorter than the interference
crossing time-scale, we can detect our desired signals.
V. CONCLUSION
Summarizing this work, we have proposed a new
method for the microlensing observation of quasars from
the far infrared to the millimeter wavelengths. For the
small mass lenses where the Schwarzschild radius of the
lens is of the order of the wavelength of observation, the
gravitational lens can produce distortions on the wave-
front of the light in the order of one wavelength. Since
the lens and the source are far enough from the observer,
this situation is similar to the Huygens-Fresnel approxi-
mation and the result is the diffraction pattern from the
phase-shifted electromagnetic wave on the lens plane. A
relative motion of the observer through the diffraction
pattern on the observer plane produces a modulation in
the light curve of the quasar. One of the problems with
this wave-optics microlensing observation would be the
intrinsic variations of quasars that might be mixed with
our desired signals. In order to solve this problem, we
suggested the observation of quasars with the multiple
images from the strong lensing. The advantage of using
these quasars is that by shifting the time delay between
the images, we can remove the intrinsic variations of the
quasar and extract our desired signals.
We suggested the observation of wave-optics microlens-
ing in two different wavelengths. This technic enable us
to measure directly the mass of a lens. Also with single
wavelength observation, from the measuring the redshift
of the strong lensing galaxy and the redshift of the source,
we can break the degeneracy between the lens parame-
ters and extract the mass of lenses. One of the possible
candidates for the dark matter is the PBHs in the mass
range smaller than the lunar mass. In this work, we pro-
posed the observation of quasars with suitable cadence
and photometric accuracy to observe the transit of the
fringes in the diffraction pattern by the observer. The
optical depth and the rate of events depend on the frac-
tion of dark matter made of PBHs as well as the mass
of the PBHs. Assuming the mass of PBHs in the order
of 10−3 lunar mass and hundred percent of dark mat-
ter is made of PBHs, we obtained the rate of event de-
tection per year for a given quasar within the range of
∼ 0.1 to ∼ 0.3. The wave-optics quasar microlensing
can put a constraint on the fraction of dark matter made
of PBHs as well as the mass function of PBHs. A long
term survey of quasars by the infrared telescopes such
as Spitzer space-based telescope or millimeter and sub-
millimeter wavelength ground-based telescopes such as
ALMA was suggested for this project.
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